•  % 

AD-A242  584 


DTIC 

SELECTE  M 

NOVI  9  1991 1  I 

c 

AD _ 


Chemotherapy  and  Drug  Targeting  in  the  Treatment  of  Leishmaniasis 

Annual  Report 

LINDA  L.  NOLAN 

June  30,  1988 


Supported  by 

U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fort  Detrick,  Frederick,  Maryland  21701-5012 

Contract  No.  DAMD17-87-C-7146 

UNIVERSITY  OF  MASSACHUSETTS 
Amherst,  Massachusetts  01003 


APPROVED  FOR  PUBLIC  RELEASE 
DISTRIBUTION  UNLIMITED 


The  findings  in  this  report  are  not  to  be  construed  as  an  official  Department 
of  the  Army  position  unless  so  designated  by  other  authorized  documents. 


AD 


Chemotherapy  and  Drug  Targeting  in  the  Treatment  of  Leishmaniasis 


Annual  Report 


LINDA  L.  NOLAN 

June  30,  1988 


Supported  by 

U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fort  Detrick,  Frederick,  Maryland  21701-5012 


Contract  No.  DAMD17-87-C-71A6 


UNIVERSITY  OF  MASSACHUSETTS 
Amherst,  Massachusetts  01003 


APPROVED  FOR  PUBLIC  RELEASE 
DISTRIBUTION  UNLIMITED 


,  Ae««*«lea  r«r 
WtiC  TAB 


I 


ttaaaaouM«4 
Juatlf  AaatlofL. 


AvBllakUitr  C««M 
]A*ali  Ami/9T 
Spatial 


Oist 

l^-\ 


The  findings  in  this  report  are  not  to  be  construed  as  an  official  Department 
of  Che  Army  position  unless  so  designated  by  other  authorized  documents. 


□  □ 


TABLE  OF  CONTENTS 


Abstract  .  2 

Military  Significance  .  3 

Research  with  T^  Cells  .  4 

Summary  of  Drug  Inhibition  with  T^  Cells  (Tables  1-13)  .  8 

DNA  Polymerase  Background  .  20 

DNA  Polymerase  Study  -  Specific  Aims  .  22 

Significance  of  DNA  Polymerase  Study  .  23 

Progress  of  DNA  Polymerase  Study  .  25 

Literature  Cited  .  38 


1 


SCCumTV  CUAntnCATlOM  of  this  face  (Wlnm  Om«  anMM^ 


REPORT  DOCUMENTATION  PAGE 


4.  TITLE  fAiHl  SuMlI*) 

Chemotherapy  and  Drug  Targeting  in  the 
Treatment  of  Leishmaniasis 


READ  mSTRUCnOHS 
BEFOfOE  COMPLETING  FORM 


s.  kecifiemts  cataloo  numeer 


S.  TYFE’OF  REFORT  4  FERIOO  COVEREO 

Annual  Report 
15  May  1987  -  14  May  1988 


S.  FERFORMINO  ORO.  REFORT  NUMBER 


7.  authoiva) 

Linda  L.  Nolan 


4.  CONTRACT  OR  ORAnT  NUMBERf*; 

DAMD17-87-C-7146 


t.  FERFORMINO  ORGANIZATION  NAME  ANO  AOORESS  <0.  PROORAM  ELEMENT.  PROJECT,  TASK 

AREA  4  WORK  UNIT  NUMBERS 

Division  of  Public  Health 
University  of  Massachusetts 
Amherst,  MA  01003 


1 1.  CONTROLLING  OFFICE  NAME  ANO  AOORESS 

U.S.  Army  Medical  Research  &  Development 
Command,  Fort  Detrlck,  Frederick,  MD 

21701-5012 _ 


4.  monitoring  AGENCT  NAME  4  AOORESSf/r  tram  Caamllln^  Oille*}  IS.  SECURITY  CLASS,  (ol  thit  raport; 

Unclassified 


12.  REPORT  DATE 

June  30,  1988 


IS.  NUMBER  OF  PAGES 


IS.  distribution  statement  (ot  Ml  Ripirt) 


ISa.  DECLASSIFICATION/ DOWNGRADING 

schedule 


Approved  for  public  release;  distribution  unlimited 


17.  0ISTRI6UT10N  STATEMENT  (of  tho  obotrmot  oatorod  In  Btnok  20,  If  dlffmront  from  Ropori) 


tf.  KEY  WONOS  {Contfnuo  on  fororoo  ofdm  ft  § 


oorr  Idontlty  br  block  number) 


Lelshmania,  made  of  action  of  purine  anologs,  DNA  polymerase 


ZB.  ASSTWACT  fBwSMwa  — iwaaraa  ai^  »EI<»lM^4r  4loa*  witaTj 

Leishmaniasis,  a  disease  caused  by  protozoan  parasites  of  the  Lelshmania  spp. 
is  one  of  the  major  public  health  problems  currently  affecting  humanity. 

agents  for  this  disease  is  either  Ineffective  or  toxic.  The 
purpose  of  this  work  is  to  aid  in  the  development  of  an  effective,  non-toxic 
treabssst  for  leishmaniasis. 

The  objective  of  this  research  was  to  isolate  and  characterize  unique 
lairttmaalal  ensymss  (IHiA  polymerase}  and  to  test  promising  antilelshmanial 
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MILITARY  SIQWIPICAHCE 


The  Med  for  leislwanicldes  cannot  be  overenphasized.  At  present  chenotherapy 
Is  dependent  on  a  relatively  snail  nunber  of  synthetic  drugs.  Resistance  has 
been  reported  to  occur  against  all  these  drugs  and  developaent  of  resistance  to 
one  cewpeuM  is  often  accoapanied  by  cross-resistance  to  others.  In  the  cheao- 
therapy  of  visceral  and  cutaneous  leislnaniasls.  the  choice  of  drugs  is  very 
liaited  and  success  of  a  particular  drug  appears  to  vary  froa  locality  to 
locality,  presunably  due  to  strain  differences  in  Leishaania. 

To  date  the  logical  design  of  antlparasitlc  drugs  has  proved  largely 
unsuccessful  with  the  exception  of  purine  netabolisn  in  protozoa.  While 
aannalian  cells  are  capable  of  de  novo  synthesis  of  purines,  nany  parasites  do 
not  synthesize  purines  but  use  salvage  pathways.  Analogues  Inhibiting  key 
enzyMS  in  purine  pathway  should,  therefore,  provide  novel  therapeutic  agents. 
Purines  and  pyrlaldines  serve  not  only  as  precursors  of  RMA  and  DNA,  but  also 
as  stores  of  high  energy  phosphate,  constituents  of  certain  coenzyaes,  and 
Bodulators  of  various  enzynatic  reactions.  In  view  of  this  vital  role,  inter¬ 
vention  of  their  netabolisn  will  have  profound  effects  on  the  organisn. 

To  date  there  is  no  safe,  effective,  and  quality-controlled  antlparasitlc 
vaccines.  Nenbrane  antigens  differ  fron  one  species  to  another  and  during  the 
course  of  Infection,  naklng  the  production  of  a  useful  vaccine  very  difficult. 

The  elucidation  of  the  biochenical  node  of  action  of  pronising  conpounds  and 
the  identification  of  unique  enzyne  systens  will  pernit  the  logical  design  of 
nore  effective  derivatives  and  also  will  provide  insight  on  the  nechanisn  of 
drug  resistance.  This  Infornatlon  nay  allow  a  therapy  progran  to  be  developed 
which  would  decrease  or  elininate  the  problea  of  drug  resistance. 

Targeting  of  already  pronising  conpounds  nay  increase  the  efficacy  of  these 
conpounds  for  the  various  disease  states  of  leishnaniasis  and  be  nore  cost 
effective  than  the  developnent  of  nore  than  one  drug. 

Targeting  will  also  allow  the  reduction  in  toxicity  of  certain  compounds,  and 
also  be  sore  cost  effective  since  less  drug  should  be  required. 


RESEARCH  WITH  T4  CELLS 


A  hallmark  of  Che  Acquired  Immune  Deficiency  Syndrome  (AIDS)  is  the 
depletion  and  inactivation  of  CD4  T-cells.  These  are  a  specific  type  of  T- 
lymphocyte  that  have  the  CD4,  previously  called  T4,  cell  marker  on  their 

surface  membrane.  They  perform  a  number  of  functions  that  are  essential  to  a 
normal  immune  response,  and  so  are  called  "helper/inducer”  lymphocytes.  In 
response  to  antigen,  they  activate  B  cells  to  produce  antibodies,  stimulate 
cytotoxic  T  cells  to  attack  foreign  antigen,  cause  suppressor  T  cells  to 
proliferate  and  thereby  shut  down  an  immune  reaction  when  it  is  no  longer 
needed,  and  stimulate  macrophages  to  phagocytose  and  present  foreign  antigen. 
At  the  end  of  the  immune  response,  CD4  T-cells  proliferate  into  memory  clones. 

Any  medication  that  is  toxic  to  CD4  T-cells  will  seriously  impair  the 
patient's  immune  response  and  consequently  worsen  the  prognosis  of  the 
patient.  In  the  case  of  leishmaniasis  patients,  however,  the  toxicity  of 
medications  to  CD4  T-cells  is  of  crucial  importance  because  the  immune 
response  must  remain  uncompromised  for  proper  recovery  from  the  disease.  At 
this  time,  there  has  been  no  systematic  assessment  of  the  toxicity  of 
medications  used  in  the  treatment  of  leishmaniasis  to  CD4  T-cells. 

In  the  current  study,  we  developed  an  assay  to  determine  the  toxicity  of 
therapeutic  agents  to  CD4  T-cells  as  measured  by  cell  growth  inhibition,  and 
the  reversibility  of  the  toxicity  by  appropriate  supplements.  We  then 
determined  the  toxicity  of  medications  used  in  the  treatment  of  leishmaniasis 
to  CD4  T-cells,  and  developed  a  therapeutic  index  for  each  medication  as  an  in 
vitro  indication  of  the  ratio  of  toxicity  to  host  CD4  T-cells  relative  to  the 
effective  concentration  of  an  agent  i.e.  the  therapeutic  value  of  that  agent. 
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Thus  by  adding  nutritional  suppleaants  which  overcome  metabolic 
patfamy  inhibition  in  boMui  cella.  but  don't  affect  toxicity  in  i.einhaania  a 
more  effective  therapeutic  index  can  be  obtained. 

IffiTHODOLOOY 


A.  Reeearch  Oblectivee; 

The  research  objectives  of  this  study  are: 

1)  Develop  an  accurate  assay  to  measure  the  toxicity  of  compounds  on 
hman  T4  cells  in  vitro. 

2)  Determine  the  5D  percent  inhibition  level  of  purine  analogs  on 
human  T4  cells  in  vitro. 

3)  Determine  whether  the  inhibition  of  cellular  growth  by  purine 
analogues  can  be  reversed  through  the  addition  of  specific  natural 
compounds  or  nutrients. 

B.  Methods  and  Materials: 

Cell  Culture 


CEM  T4  cells  were  obtained  from  UMass  Medical  Center,  Worcester.  They  are 
cultured  in  RPMI-1640  medium  supplemented  with  5%  fetal  calf  serum,  Igm/liter 
Sodium  Bicarbonate,  and  IX  gentamycin.  In  experiments,  cells  are  grown  in 
polystyrene  microwell  plates.  The  plates  are  incubated  in  a  CO  chamber 
within  an  incubator  at  36  C.  CO  prevents  the  growth  medium  from  becoming 
too  alkaline  for  cell  survival. 

Assay  Procedure 

The  starting  cell  stock  is  standardized  at  an  absorbance  of  0.500,  or  a 
concentration  of  2,600  to  2,800  cells/ul,  because  different  concentrations  of 
cells  grow  at  varying  rates,  and  are  thus  inhibited  to  variable  extents.  The 
cell  stock  concentration  is  standardized  by  centrifuging  the  cells  down  in  a 
mlcrocentrifuge  for  3  minutes  and  resuspending  in  fresh  medium  to  an  absorbance 
of  0.500. 

52  ml  of  the  stirred  cell  stock  are  pipetted  by  multipipette  into  the  plate 
wells,  followed  by  39  ml  of  double-concentrated,  complete  medium.  To  the 
control  wells,  39  ml  of  sterile,  double-distilled  water  is  added.  To  test 
wells.  Increasing  ratios  of  drug  to  sterile  water  is  added.  Four  different 
concentrations  of  drug  are  used  in  w  experiment,  so  that  a  curve  of  drug 
concentration  versus’ cell  growth  inhibition  can  be  determined  from  the  results. 
The  final  volume  of  each  well  is  130  ml.  A  row  of  blank  wells  containing 
sterile  water  and  medium  only,  is  used  to  check  the  sterility  of  the  procedure. 

Cells  are  counted  at  the  beginning  of  the  experiment  (time  O  hours)  and 
after  120  hours  of  incubation,  when  the  cells  are  in  the  logarithmic  phase  of 
growth.  A  Royco  cell  counter  is  used.  100  ml  of  each  well's  contents  are 
diluted  100  tines,  and  discharged  into  a  vial.  The  vial  is  stirred  and  then 
measured  by  the  cell  counter.  Percent  inhibition  is  determined  by: 

(1-  (test  cell  count  /  control  cell  count)]  x  100. 

Most  purine  analogs  were  supplied  by  the  Nalter  Reed  Army  Institute. 
Washington  O.C.  Allopurlnol  Riboside  ms  donated  by  Burroughs-Wel leone.  North 
Carolina,  and  others  were  obtained  from  Sigma  Chemical  Co..  St.  Louis,  NO. 


Inhibition  RevwX 


Adenosine,  adenine,  and  Inoslne  will  be  the  coapounds  first  tested  for 
Inhibition  reversal.  In  the  case  of  slnefungin.  the  above  three  purines,  as 
well  as  nethlonlne,  S-adenosylnethlonine.  and  S-adenosylhonocystelne  will  be 
used  in  prellninary  tests.  Initially  the  toxicity  of  the  reversal  coapounds 
theaselves  on  CBN  T4  cells  will  be  detemined  by  the  above  assay.  In 
experiaents.  cells  will  be  Incubated  with  the  reversal  coapound  for  30  alnutes 
in  serua-free  aedioa.  before  the  purine  analogue  is  added.  Enzyaes  in  the  serua 
can  aetabolize  the  reversal  coapound  before  it  enters  the  cell.  In  soae  cases, 
alterations  in  the  effect  of  a  purine  analogue  by  a  reversal  coapound  only 
occurs  if  the  coapound  Is  added  first.  Inhibition  reversal  will  be  deteralned 
by  percent  inhibition  caused  by  purine  analogue  alone  ninus  percent  inhibition 
caused  by  purine  analogue  and  reversal  coapound. 

B.  Operational  Definitions 

Toxicity:  This  refers  specifically  to  the  ability  of  a  coapound  to  inhibit  the 
growth  and  reproduction  of  cells.  Toxicity  of  a  substance  is  generally 
proportional  to  its  concentration.  At  relatively  high  concentrations,  the 
toxicity  of  a  substance  kills  all  cells  and  so  stops  all  growth  coapletely.  At 
relatively  lower  concentrations,  partial  cell  growth  occurs  due  to  either 
inhibited  growth  or  death  of  soae  cells  affected  by  the  coapound. 

Percent  Inhibition;  The  inhibition  of  cellular  growth  caused  by  an  agent  as 
coapared  to  undisturbed  cellular  growth  of  controls.  It  is  aeasured  by  direct 
cell  counts  with  a  Royco  or  Coulter  Cell  Counter,  and  expressed  as  [1-  (test 
cell  count  /  control  cell  count)]  x  100. 

Fifty  percent  inhibition  level:  The  concentration  of  an  agent  that  inhibits 
cell  growth  by  50  percent,  so  that  the  cells  grown  with  the  agent  have  a  cell 
count  half  that  of  the  controls. 

Assay:  The  assay  is  a  neans  to  neasure  the  toxicity  of  coapounds  on  cells.  It 
involves  growing  cells  in  polystyrene  aicrowell  plates.  Cells  in  control  wells 
are  grown  in  RPNI-1640  aediua  and  water  only.  Cells  in  test  wells  are  grown  in 
aediua,  water  and  varying  concentrations  of  purine  analogs.  Direct  cell  counts 
are  aade  at  tlae  0  and  tine  120  hours.  The  ratio  of  test  well  cell  count  to 
control  well  cell  count  is  used  as  a  neasure  of  growth  inhibition  of  toxicity  of 
the  purine  analogs,  and  is  expressed  as  percent  inhibition. 

Hunan  CBN  T4  Cells:  This  is  the  hunan  T4-lynphoblastoid  cell  line,  CCRF-CEM. 
They  were  originally  derived  froa  leukeaic  huaan  T-helper- inducer  (T4) 
lyaphocytes,  and  are  grown  in  culture. 

Purine  Analogs;  These  are  coapounds  that  have  a  chemical  structure  very  similar 
to  that  of  the  purines  adenine,  guanine,  and  uridine  which  are  utilized  for  the 
fornation  of  DMA  and  RNA.  Because  of  their  structural  similarity,  they  are 
alstaken  for  purines,  get  taken  up  in  aetabolic  pathways  leading  to  the 
synthesis  of  DMA,  RNA,  and  proteins,  cuid  at  soae  stage  inhibit  the  norhal 
production  of  these  coapounds.  This  in  turn  inhibits  cellular  growth  and 
reproduction. 

Nutrient  additives  for  inhibition  reversal;  These  are  natural  coapounds  found 
in  food  or  food  suppleaents  that  are  involved  in  the  aetabolic  pathways  known  or 
suspected  to  be  Inhibited  by  the  purine  analogues  being  tested.  They  include 
the  regular  purine  nucleotide  of  which  the  test  coapound  is  an  analogue.  For 
oxaaple,  the  effects  of  allopurinol  riboside  can  be  reversed  by  adenine  and 
related  coapounds  (13),  and  Foraycin  A.  and  adenosine  analogue,  can  be  reversed 
by  adonesine  (14)  in  certain  organlsas.  Adenosine,  adenine,  inoslne  and 


L-MtbloniM  will  be  used  in  prellnlnary  reversal  studies.  If  the  purine 
Malaga  is  thou^t  to  inhibit  m  enzyM.  the  enzyaatic  product  will  possibly 
reverse  the  toxicity  of  the  coapound. 

METHOD  OP  ANALYSIS 

This  Study  uses  a  classical  experiaental  design,  with  one  control  and  one 
experiaental  group.  Before  and  after  neasureaent  of  cell  counts  are  done  in 
both  groups,  a  single- tailed,  students'  test  is  used  to  test  for  statistically 
significant  differences  between  the  control  and  test  groups.  At  a  significance 
level  of  6h  and  a  power  of  859(.  to  prove  a  lOh  difference  between  control  and 
test  group  is  statistically  significant  requires  a  saaple  of  24  controls  and  12 
tests. 

The  aethodology  fulfils  the  definitions  of  an  experiaental  design  by  having: 
1)  a  suitable  control.  2)  randoa  asslgnaent  to  control  and  test  groups,  and  3) 
aanipulation  of  the  independent  variable  i.e.  purine  analogs  concentration.  The 
controlled  environaent  of  the  laboratory  apparently  eliainates  sany  factors  that 
could  confound  the  results.  For  exaaple.  internal  factors  such  as  maturation 
and  regression  variables,  as  well  as  external  factors  such  as  selection, 
history,  and  experiaental  attrition  variables  are  not  the  sources  of  concern 
they  would  be  in  a  clinical  trial.  The  main  variables  to- control  for  in 
establishing  causality  are  experiaental  factors  such  as  accurate  pipetting  and 
cell  counting,  as  well  as  aaintainlng  sterile  conditions. 

SIGNIFICANCE  OF  THE  STUDY 

The  first  value  of  this  study  is  in  deteralnlng  the  toxicity  on  human- 
derived  cells  in  vitro  of  several  purine  analogs.  This  is  an  indiction  of  their 
toxicity  in  living  huaans.  These  purine  analogs  have  been  reported  in  the 
literature  or  by  private  coaaunicatlon  to  exhibit  powerful  antiviral  and 
antiprotozoal  activity.  Since  the  current  treataent  for  leishmaniasis  is 
Inadequate  (15,16),  and  our  laboratory  is  working  with  Lelshmania.  the  focus  of 
this  study  is  on  the  antilelshaanial  value  of  the  purine  analogs.  Once  the 
cytotoxicity  of  the  compounds  has  been  deterained,  their  therapeutic  index  will 
be  calculated  by  dividing  leishaanlal  toxicity  by  CEM  T4  cell  growth  inhibition. 
This  will  serve  as  an  Indication  of  the  purine  analogues’  potential  as 
chemotherapeutic  agents  for  leishaaniasis. 

The  second  part  of  the  study  will  determine  whether  the  therapeutic  index  of 
these  potential  antilelshaanial  agents  can  be  increased  by  reversing  the  human 
cell  growth  inhibition  with  nutrient  additives.  Overcoming  toxicity  enhances 
the  therapeutic  value  of  the  compounds,  and  adds  to  our  knowledge  of  their 
slte(s)  of  action,  enabling  synthesis  of  wore  effective  compounds. 

A  second  point  of  significance  is  that  this  study  is  an  indication  of  the 
effect  of  potential  chemotherapeutic  agents  on  the  host's  immune  system.  The 
prognosis  of  leishmaniasis  depends  on  the  host's  Imaune  response  (2).  A  simple 
case  bt  cutaneous  leishaaniasis  can  progress  to  an  incurable,  debilitating  form 
in  inauttologically  deficient  persons  (4).  T4  lymphocytes  are  crucial  elements 
in  aonnting  an  imaune  response  to  a  foreign  pathogen,  as  AIDS  has  proven,  if  a 
eheaotherapeutlc  agent  inhibits  the  growth  of  T4  cells,  and  thereby  weakens  the 
person's  imaune  status,  this  will  lead  to  an  overall  lower  therapeutic  value  of 
the  agent. 

Tables  1-11  provide  data  on  the  ID  .  of  compounds  tested  in  our  CEN  T4 
ceils.  Table  12  sumarizes  the  10^^^  of  ail  compounds  tested. 


40B  =  33.4uK 
31C  =  12.4uM 
18C  =  12.3uK 
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TABLE  2 


COHCBMTR- 

ATZOir 

%  INHIBITION 

BXPT  1 

ABSORB¬ 

ANCE 

TIME  FINAL 
hours  CELL 

4.6  nH 

9.2 

13.8 

19  % 

38  % 

46  % 

43b 

0.507 

118hz 

3,300 

3.1  mM 

6.2 

9.2 

12 

-2.1% 

15 

28 

52 

39A 

0.507 

118hr 

4,900 

1.54  RiM 

3 

4.6 

6 

-0.8% 

4.0 

8.1 

12.5 

38A 

0.511 

118 

4,500 

.77  mM 

1.5 

2.3 

3.0 

3.9% 

16.6 

34.7 

44.0 

34B 

0.491 

120hr 

3,980 

1.5  mM 

3.0 

4.5 

6.0 

14.3% 

17.7 

36.6 

39,2 

30B 

0.500 

117 

3,870 

0.83  mM 

1.04 

1.25 

1.50 

5,0 

15.8 

18.4 

28.6 

21A 

0.573 

94 

2,420 

0.19  mM 

0 

14E 

- 

115 

3,600 

50  %  INHIRTTTn|tf 


In  the  range 
of  8-12  mM. 


TABLE  3 


DRI^  ADDED. 


ALLOPURIMOL- 

BIBQ8IBS 


CONCBNTR- 

%  IMHIBITIOM 

EXPT  1 

ABSORB- 

TIME 

FINAL 

ATIOH 

ANCE 

hours 

CELL  f 

4.6  mM 

-12.6  \ 

43C 

0.507 

118hr 

3,360 

9.2 

27.1  % 

14 

48.4  \ 

3.1  mM 

2  \ 

42B 

0.480 

119hr 

3,540 

6.15 

1.5  t 

3.1  mM 

-1.5\ 

39B 

0.507 

119hr 

4,080 

6.15 

3.4 

9.23 

11 

12 

19 

1.4mM 

-2.9% 

38B 

0.511 

119hr 

4,600 

3.0 

-2.5 

4.6 

-3.3 

6.0 

-7.7 

0.38  mM 

-2.0% 

34B 

0.491 

120 

3,980 

0.77 

0.5% 

1.2 

-5.5 

1.5 

-2.0 

3.0 

-18.6 

83  uM 

-.5% 

30A 

0.500 

117 

3,760 

167 

5.3 

250 

8.0 

600 

0.5 

83  uM 

8.7% 

29A 

.500 

127 

o 

o 

% 

167 

6.5 

250 

-1.0 

600 

-2.0 

50  %  INHIBITION 
ID  50  =  14.3mM 


GRADE  5 


tv 


;Tyw^';  -  ; 


OKIK3  ADDBD. 

COHCBNTR- 

%  INHIBITION 

EXPT  » 

ABSORB- 

TIME 

PINAL 

ATZON 

ANCB 

hours 

CELL 

PPMQ 

4.8% 

45C 

0.504 

117hr 

4,800 

• 

4.8 

40.7 

ZO  50  s  5.9ing/nl 

7.5 

63.7 

4.9% 

43D 

0.507 

118hr 

3,100 

3.9 

51.7 

5.8 

57.7 

7.5 

59.2 

ID  SO  *  3.7  mg/ml 

1.9  mg/tal 

8.8% 

39B 

0.507 

119hr 

4,100 

3.9 

10.8 

5.8 

19.6 

7.5 

29.0 

1.54mg/nl 

13% 

34A 

0.491 

119 

4,040 

3.1 

42.6 

4.6 

46 

IDS0*5.1  mg/ml 

6.0 

57 

0.3  mg/ml 

23.3  % 

31C 

0.500 

120 

5,740 

0.6 

21.3 

0.9 

26.7 

50  %  INHIBITION 
45c*  5.9mg/ml 
4  3D*  3.7mg/ml 
34A*  S.lmg/ml 


MEAM*4.9mg/ml 


TABLE  6 

DRUG  ADDED.  CONCENTR-  %  INHIBITION  EXPT  f  ABSORB-  TIME  FINAL 


- 

ATION 

ANCE 

hours  CELL  i 

FQRtflfgg  A 

50  uM 

61.7  % 

31A 

0.500 

120  4,540 

• 

100 

66.5 

200 

70.9 

300 

59.2 

50  uM 

45% 

23B 

0.538 

96  17,000 

100 

41 

If 

If 

M 

190 

52 

ft 

If 

ft 

272 

57 

n 

ft 

If 

TABLE  7 


I 

I' 


DRUG  ADDED. 

CONCENTR¬ 

ATION 

\  INHIBITION 

EXPT  f 

ABSORB¬ 

ANCE 

laUCANTIME 

920  ug/ml 

-23% 

45B 

0.504 

Lot  t  CA82-187 

-02  1,850 

-4 

(STD-ducltol) 

3,600 

16% 

185  ug/ml 

2.2% 

43C 

0.507 

370 

1.0 

555 

-4.3 

92  ug/ml 

-6.6% 

40B 

0.445 

185 

-13 

277 

-12.3 

360 

-20.8 

46  ug/ml 

-3.3% 

38B 

0.511 

92 

6.2 

139 

18.6 

180 

19.7 

Batch  i  2 

12.5 

26 

18C 

0.521 

25 

42 

n 

19 

37 

55 

n 

ff 

62 

60 

If 

ft 

TIME  FINAL 
hours  CELL  f 

118  2,660 

118  3,380 

120hr  3,660 


llShrs  4,600 


120  20,200 

II 

N 

n 


i 

i 


_3Q  %  INHIBITION 
Batch  1  =  32.4  ug/ml 


14 


TABLE  8 


MtUO  ADI»D. 


CONCENTR¬ 

ATION 


%  INHIBITION  BXPT  t 


ABSORB¬ 

ANCE 


TIME  PINAL 
hours  CELL  t 


Oftl^  ADDED. 


TABLE  9 

CONCENTR-  %  IMHIBITION  EXPT  I  ABSORB-  TIME  FINAL 
ATIOM  AMCE  hours  CELL  • 


TABLE  10 


DRUG  ADDED. 

CONCBNTR- 

ATICMI 

%  INHIBITION 

EXPT  i 

ABSORB¬ 

ANCE 

TIME  FINAL 

hours  CELL  i 

SIBA 

75  UM 

19% 

19C 

0.773 

148hr 

5,600 

4 

150 

44 

225 

47 

300 

51 

107  uM 

41% 

16B 

- 

120hr 

2,780 

SPERMPIME 

83  uM 

63% 

21B 

0.573 

95 

4,700 

35  uM 

55% 

20A 

- 

120 

4,080 

120  uM 

54  % 

18A 

0.521 

120 

3,540 

290 

66 

N 

H 

m 

580 

65 

N 

19 

N 

830 

51 

H 

M 

N 

104 

48.5 

17 

117 

1,960 

229 

52.3 

n 

tf 

II 

280 

51 

16C 

144 

2,800 

540 

58 

16A 

- 

144 

3,000 

12/18/91  11:21  0301  619  2982 


HQ  USAMRDC 


13002/002 


«8ar- 


TABLE  11 

%  imoiTROii  mn  i 


‘«S- 


5.§  aK 

37  % 

43B 

0.S07 

Hour 

3,300 

11.8 

42  % 

17.7 

37  % 

23 

38  % 

3.1  aM 

IS  % 

42B 

0.480 

llOhr 

3,400 

C.15 

1S.4  % 

8.23 

18.3  % 

12 

2S.0  % 

3JL  aM 

23% 

38A 

0.507 

118hz 

4,840 

C.IS 

32 

8.23 

30 

l.SaM 

22.2% 

3aA 

O.Sll 

llBhr 

4,500 

0.77  mH 


248  uM 


11.3  \ 


117ht  3,870 


EB  th«  range  or 
20-30  UM. 


** 


TABLE  12 


Fifty  Pageant:  Tnhlbltlnn  Levela  of  The  Purina  Analogs 
Puzlne  Analog  50  %  Inhibition  Level 


T-Oeazaaristecmycin 
9-Deazainodine 
AUopnzinol  Riboside 
Cyclic  Formycin  A 
DFKO 

Pomycin  A 
Glucantlne  (Lot  #2} 

1  Ketoconazole 
'  (bcyfoznycin  B 
Sangivamycln 
SIBA 

1  SpezMldine 
'  Sinefungin 


19.6  uM 
8-12  am  *• 
14.3  mM  ** 

250  uM 
4.9  ng/ml 
155  uM  ** 
32.4  ug/ml  ** 
3.2  ug/ml 
0.8-2  mM  * 
6.4  uM  ** 
286  UM  ** 
<100  uM 
20-30  mM  * 


*  These  ID  50s  are  extrapolated  from  inhibition  curves. 

••  The  reliability  of  these  ID  50  values  need  to  be  verified  by  further 
experiments. 
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£^peci«8  of  the  parasitic  protozoan  genus  t^triimania  are  the  causative 
agents  of  a  wide  variety  of  human  cutaneous,  mucocutaneous,  and  visceral 
diseases.  Hhese  orgaiisms  (lower  eukaryotes)  reside  throughout  their 
digofietic  life  cycles  in  dlffercett  envlroments.  Ihe  extracellular, 
flagellated  promastigote  forms  reside  in  the  alimentary  tract  of  their 
san^y  vector  hosts,  and  the  obligate  intrznellular  amastigote  form 
exists  within  the  phagolyso-  somal  system  of  macropha^  in  their 
mamnalian  hosts.  How  th^  organisms  transform,  survive,  and  respond  to 
signals  within  their  infected  hosts  is  unknown. 

Most  of  the  major  metabolic  pathways  in  the  parasitic  protozoa  have  been 
rqported  to  be  similar  to  those  of  the  mamnalian  host  except  for  nucleic 
acid  metaribolism  (41,43,44,73).  This  pathway  is  unusual  in  several  ways. 
ZilSt#  it  lacks  the  ability  to  synthesize  the  purine  ^  novo,  making  them 
entirely  dependent  <xi  the  salvage  pathws^  for  their  si^ly  of  purine 
nucleotides.  Second,  many  of  the  aizymes  involved  in  nucleic  acid 
biosynthesis  either  have  unusual  substrate  specificities  or  unusual 
suboellular  localizations  (17-23,35,41-46, 49, 52-56, 58-65, 66-69).  Third,  a 
large  proporti<xi  of  the  DtA  vdiich  is  produced  is  incorporated  into  a 
unique  organelle  known  as  the  kinetc^last.  Kinetoplast  C^,  the 
mitochondrial  DNft  of  leishnania  and  related  parasitic  protozoa,  has  a 
remarkable  structure.  It  cxnsists  of  networks,  of  thousands  of 
interlocked  DtA  circles,  and  each  cell  has  one  network  within  its  single 
mitcxhondrian  (25,33,34,80).  Nothing  is  known  either  about  the  funchion 
of  kinetoplast  minicircdes  or  the  reason  that  these  molecules  are 
interlocked,  together  with  maxicircles,  in  an  enormous  network.  Neither 
is  it  known  why  these  parasitic  protozcja,  alone  among  eukaryotes,  have 
their  mitochondrial  IXA  organized  in  this  unusual  way.  the  major 

DNV  polymerase  isolated  from  the  parasitic  protozoa  has  been  six>wn  to  have 
different  characheristics  than  its  memmalian  counterpart  and  to  be 
imnunologically  distinct  (28,71,72,81). 

The  presence  of  multiple  DNA  polymerases  in  eukaryotic  cells  is  a  well 
established  fact.  The  use  of  specific  inhibitors  has  helped  to 
cdiaracterize  nuclear  and  organelle  DN?^  polymerases.  DN)V  polymerase  a 
involved  in  the  replication  of  the  nuclear  genome  is  strongly  inhibited  by 
aphidicolin  regardless  of  the  sourco  of  the  enzyme.  Other  eukaryotic  IMV 
polymerases,  like  the  B-polymerase  involved  in  DNA  repair  as  well  as  the 
chloroplastic  and  mitochondrial  polymerases,  are  not  affected  by  this  drug 
(29,31,71,72,81). 

Since  the  first  description  of  a  DNA  polymerase  in  an  animal  cell  28  years 
ago  (24),  m  innense  body  of  information  has  been  acxxmulated  on  eukarotic 
DNk  polymerases,  their  cdassificaticxi,  prevalenc:e,  evolution,  physical  and 
catalytic  properties,  «d  roles  in  HA  metabolism  io  vivo. 

Aniaml  cell  HA  polymeries  are  distinctive  from  prokaryotic  and  viral 
polymer eees  and  have  bean  classified  into  alpha  (a),  beta  (6),  ganma  (y), 
and  delta  (4)  hy  cellular,  physical,  and  eraymological  parameters,  as  well 
as  by  their  different  re^mnees  to  selective  irdiibitors  (38). 

Deteradning  the  rolw  of  the  four  mammalian  HA  polymerases  —  a,  B,  y, 
and  4  is  a  fundaamntal  pcoblen  in  biology.  Host  studies  conclude  that 


Dia  pol:^raae  a  is  the  primary  polymerase  respcmsible  for  luiclear  0»a 
r^ioa^on.  Recently,  it  was  suggested  by  Byrnes  that  Oia  polymerase  6 
nay  be  involved  in  na  replication.  Polymerase  s  is  estabolised  to 
contain  intrinsic  3*  to  5*  exauclease  (proofreading)  activity  (26,27). 
Butylphenyldeo^iygpanosine  triphoqphate  (BuPdSIP)  (58,85)  and  mixioclcml 
antibodies  dirMted  against  polymerase  a  have  been  shewn  to  discriminate 
the  sictivities  of  a  and  6  (27,30,70,84). 

Ciumg  et  al.  (1980)  reported  that  extracts  of  bloodstream  forms  of 
XOSOKOaOB  brucei  showed  that  both  DNA  polymerase  a  and  Dta  polymerase  6 
activities  were  preset  (29) .  Ohe  detection  of  Dta  polymerase  B  in  T* 
brucei  demonstrated  the  presence  of  this  ensyme  in  unicellular  organisms. 
Chang  also  stated  that  Dia  polymerase  a  was  present  in  L*  mexicana.  'Aiey 
found  the  Dta  polymerases  in  brucei  to  be  imnunologically  distinct  from 
host  enzymes,  and  suggested  that  the  structured  differences  between  the 
parasite  and  the  host  enzymes  could  be  exploited  for  the  development  of 
agents  to  combat  parasitic  diseases.  Dube  et  al.  (32)  reported  on  the 
detection  and  characterization  of  DNA.  polymerase  a  in  I.  brucei  and  found 
that  specific  antisera  that  cross-re£K±ed  with  manmalian  Dia  polymerase-a 
from  different  species  failed  to  cross-react  with  the  trypanosome 
polymerase  (31,32). 

Solari  et  ^d.  reported  that  the  surprising  finding  that  Trypanosoma  cruzi 
Dia  polymerase  (predominate  form)  failed  to  be  inhibited  by  aphidicolin 
(81).  Recently,  Holmes  et  ed.  (1984)  reported  that  a  related  organism 
Crithidia  fagiodata  had  two  types  of  Dia  polymerase  activiiy,  the  a -type 
reported  as  DMV  polymerase  A  and  a  6-type  reported  as  Ma  polymerase  B 
(49).  The  re^xxise  of  the  £.  fasinilata  polymerase  A  enzymes  to 
inhibitors  and  utilization  of  poly(rA)-oligo  (dT)  showed  these  enzymes  to 
be  markedly  different  from  manmalian  polymerase  a.  Aphidicolin  had  no 
effect  on  either  the  Oia  polymerase  A  enzymes  or  on  DNA  polymerase  B,  at 
concentration  of  to  250  vm.  If  their  observations  are  correct,  these 
lower  eukaryotes  will  be  tndy  unique  in  that  their  major  mode  of  Dia 
replicaticxi  is  clearly  different  from  that  in  manmals.  The  recent 
excitement  about  ^bidioolin  began  with  the  demonstration  that  it  is  a 
specific,  direct  inhibitor  of  animal  Dia  polymerase  a  but  is  without 
effect  on  polymerases  B  or  7  (51).  Using  aphidicolin  as  a  tool,  it  has 
been  shown  that  DNA  polymerase  a  is  clearly  the  principal  polymerase 
required  for  Dia  replication  in  all  animals  and  plants  studied. 

Except  for  the  brief  re^rt  by  (hang  et  al.  (29) ,  in  which  little 
experimental  data  was  givoi,  to  our  knowledge  no  one  has  characterized  or 
performed  kinetic  studies  with  the  DNA  polymerases  in  Leishmania  spp.  We 
have  begun  studies  to  isolate  the  polymerases  of  L*  "»**«*»«  for  ^ 
purpose  of  elucidating  k^  differences  in  DNA  synthesis  and  its  regulation 
by  DNA  and  DNA  polymerase  binding  proteins  and  other  cellulcu:  modulators 
(i.e.,  hormones,  prostaglandins,  polyamines)  bebwemi  the  parasitic 
I«otosoa  and  hi^ier  eukaryotes.  This  information  will  not  only  provide 
basic  knoMisdge  on  evolution  of  DNA  replication  and  regulation,  but  may 
provide  information  on  bow  specific  si^ieds  in  the  parasite's  environment 
modify  its  morphology  raid  biochemistry.  The  main  purpose  of  the  study  is 
that  slucldstion  of  k^  differences  between  parasite  and  host  will  offer 
targets  for  cdMmotberapeutic  exploitation. 

In  contrast  to  the  finding  of  Holmes  et  al.  (49),  Solari  et  al.  (81),  and 


Dube  et  al.  (32),  we  have  found  that  sqphidioolin  is  inhibitory  both  to 
growth  md  to  DNA  polymerase  (Id  vitro)  of  L.  mexicana.  m  have  found 
that  inhibition  is  dc^»ident  on  the  purificati<m  of  the  aizyme.  In  crude 
preparations  of  DNh  polymerase,  aphidioolin  (20  iiH)  inhibits  over  50%,  but 
as  the  enzyme  is  purified  it  is  not  inhibited  at  all  or  at  10**100X  the 
concentrations  used  in  crude  preparations.  Foster  et  al.  (37)  have 
rqported  that  resistance  of  adenovirzd  DIA  replicaticm  to  aphidioolin  is 
depender^  on  the  72-kilodaltan  DNHsinding  protein.  This  protein  protects 
the  DNh  polymerase  of  the  virus  from  inhibiticxi  by  aphidioolin.  However, 
this  protein  does  not  appear  to  protect  host  cells  infected  with  the  virus 
from  inhibition  by  z^ihidioolin  (37) .  The  possibility  exists  that  in  vitro 
a  similar  ^pe  protein  protects  the  UA  polymerase  of  paurasitic  protozoa. 
Althou^  aphidioolin  has  been  shown  to  inhibit  DtSV  synthesis  (of  puasitic 
protozoa)  in  vivo  more  efficiently  than  ethidium  bromide  and  bermiil,  this 
laboratory  has  been  the  first  to  demonstrate  inhibition  of  polymerase 
io  vitro  under  certain  conditicxis. 

Binding  of  proteins  to  and  polymerase  is  fundamental  to  the 
mechanism  of  the  control  of  gene  e:Q>ression  in  both  prokaryotic  and 
eukaryotic  cells  (83).  Knowledge  of  the  specific  molecular  features  of 
recognized  by  oonplementary  features  of  the  three-dimensional 
structure  of  the  I^-binding  proteins  is  still  in  its  infancy.  The 
binding  proteins  form  stoichiometric  conplexes  which  modulate  subsequent 
enzymatic  transformations. 

Prokauyotic  binding  proteins  have  been  shown  to  be  essential  in  initiation 
and  elongation  in  replication  (39,50)  and  in  DIA  repair  and 
reconbination  (16).  Binding  proteins  isolated  from  calf  thymus  (47,48), 
tistiiago  navdis  (17),  mouse  aiscites  cells  (75),  and  other  eukaryotic 
sources  have  been  shown  to  stimulate  IX6V  polymerase  activity.  There  is  no 
information  on  the  characteristics  and  function  of  DtA-binding  proteins  in 
T^istmania  gg,  or  Other  parasitic  protozoa. 
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The  overall  aim  of  this  contract  is  to  search  for  differences  which  exist 
between  the  DNIV  synthetic  machinery  of  the  lower  eukaryotic  parasitic 
protozoa  r^lahmania  maxirana  and  mammalian  cells  for  the  purpose  of 
stuping  the  evolutionary  development  of  the  polymerases  for  the 
purpose  of  chemotherzpeutic  exploitation.  Ihe  differences  in  the  enzymes 
are  being  characterized  by  cellular,  physiced,  and  enzymological 
pzurameters,  as  well  as  by  their  different  responses  to  selective 
inhibitors  and  microbial  excretory  products  sixxim  to  inhibit  DtA  synthesis 
io  SiSO  ^  lo  vitro. 

A.  nwa  pniywarawafai  (a,6,Y»4)  are  being  isolated  from  L*  mBKicaaa  and  J. 
£QBi.  TSiair  diaracteristics  will  be  coopared  to  each  other  and  to 
■—wnalian  IXA  polymerases  from  Chinese  hamster  ovary  cells. 

Snhibitors  are  being  sou^  {preferentially  target  the  dna 
pol^pz^ase  of  the  parasite.  Particular  emphasis  is  being  placed  on 
purine  analogs  wtiidi  are  uniquely  metabolized  inside  the  parasite 
(taking  advantage  of  enzymes  idiich  metcdbolize  allopurinol  and  Fornycin 
B  as  an  esasple  r73]  or  purine  analogs  tdiich  have  been  shown  to  be 
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much  more  toxic  to  parasitic  protozoa  than  to  mamnalian  cells  (i.e., 
sinefungin)  (11,76). 

B.  At  each  step  of  purification  not  only  are  the  DNA  polymerase  (s)  being 
monitored,  but  also  other  enzymatic  activities  associated  with  DNA 
polymerase  complex  formaticxis  and  activity.  The  following  enzyme 
assays  are  bei^  performed: 

Nuclease  activity  (DNA  and  PNA) 

Nucleoside  diphc^:hokinase 
endo  IXAase 
exo  DNAase 
AlPase 

^rophosphatase 

The  effect  these  enzymes  have  an  polymerase  activity  and  product 
formation  are  being  monitored  by  a  radioisotope  enzyme  assay  by 
electrophor^is  and  subsequent  densitometry. 

C.  IS<A  binding  proteins  are  being  isolated  and  added  to  the  DNA 
polymerase  during  different  stages  of  purification  and  in  the  presence 
of  varying  ocxiditions  (i.e.,  templates,  metals,  inhibitors)  to 
determine  how  they  modify  DNA  polymerase  activity,  tynthesis  of 
bitxiing  proteins  (found  to  alter  polymerase)  in  both  promastigotes 
and  amastigotes  of  mexicana  are  being  studied. 

D.  Mutants  of  Leishnania  mexicana  to  both  aphidicolin  and  sinefungin  will 
be  obtained  to  elucidate  their  mode  of  action. 

E.  The  drug  mutants,  v^ch  will  be  the  promastigote  form,  will  be  grown 
in  a  macr<^}hage  system  to  determine  if  they  are  able  to  transform  to 
the  amastigote  form. 

F.  The  mode  of  action  of  natural  products  such  as  arachidonic  acid; 
linoleic;  and  sinefungin,  ephidicolin,  and  Clostridium  perfrinaens 
enterotoxin  (microbial  excretory  products)  on  DNA  polymerase  will  be 
determined. 
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There  is  very  little  information  on  the  DNA  polymerases,  and  the 
DNAHbinding  proteins  in  the  parasitic  protozoa  of  the  family 
Tcypanosomatidae.  The  information  available  on  the  IXIA  polymerases  of 
thi^  lower  eukaryotes  has  indicated  that  these  enzymes  are  biochanically 
and  imnunologically  distinct  from  mammalian  DNA  polymerases.  Information 
on  the  characteris^cs  of  the  DNA  polymerase  of  th^  lower  eukaryotes  and 
how  binding  isxiteins  affect  replicaticm  will  provide  insight  on  the 
evolution  of  the  DMA  r^icatory  madiinery.  These  lower  eukeucyotes  serve 
M  an  ttioellcnt  model  since  they  are  masters  at  evading  the  inmune 
naponm  and  biodMmically  and  immunologically  are  able  to  change  forms  in 
their  insect  vector  and  mammalian  hosts.  The  effect  of  changes  and 
nutations  in  the  DMA  polymerase  and  bixxiing-proteins  can  be  studied 
tioough  i^moess  of  transformation  from  the  insect  form  to  the 
infsctive  massialian  form  in  a  macrophage  cell  line. 


In  contrast  to  the  DIA  polymerase  of  higher  eukaryotes  the  raA  polymerase 
a-like  (when  purified  over  4000-fold)  from  parasitic  protozoa  is  resistant 
to  inhibition  by  aphidioolinf  yet  c^ihidioolin  is  a  potent  synthesis 
inhibitor  io  viTO.  Using  aphidioolin  as  a  tool  we  can  investigate  the 
differences  in  the  structure  of  DIA  polymerase  of  lower  and  higher 
eukaryotes  and  the  influxes  and  fun^ion  of  binding  proteins. 

ISie  need  for  leishnanicictes  cannot  be  overenphasized.  IVelve  genera  of 
parasitic  protozoa  are  known  to  cause  infection  in  manmals.  There  exist 
four  major  ^secies  of  pathogenic  Leishnania;  (1)  I,  donovani.  v^ch 
causes  visceral  leishm^asis  and  is  often  fatal;  (2)  braziliensis.  the 
agent  for  new  vnrld  form  of  cutaneous  leishmaniasis;  (3)  L*  mexicana. 
which  causes  the  new  world  form  of  cutaneous  leishnmiasis;  and  (4) 
tropica.  vAiich  produces  old  world  cutaneous  leishmaniasis.  At  present, 
chemotherapy  is  dependent  on  a  relatively  small  nuirber  of  synthetic  drugs. 
Resistance  has  been  reported  to  occur  against  all  these  drugs  and 
develc^xnent  of  resistance  to  one  ccxipound  is  often  acconpanied  by 
cross-resistance  to  others.  In  the  chemotherapy  of  visceral  and  cutaneous 
leishnanicisis,  the  choice  of  drugs  is  very  limited  and  success  of  a 
particular  drug  appears  to  veuy  from  locality  to  locality,  presumably  due 
to  strain  difference  in  Leishmania. 

A  conpariaon  of  the  enzymes  of  the  pathogenic  protozoa  to  those  of  man  is 
of  fundammital  inportance  to  the  search  for  much  needed  chemotherapeutic 
agents.  Nucleic  acid  metabolism  in  trypanosomatids  is  unique  in  several 
ways:  (1)  they  lack  the  ability  to  synthesize  purines  dg  novo,  depending 
entirely  on  the  salvage  ^thway  for  their  supply  of  purine  nucleotides; 

(2)  many  of  the  enzymes  involved  in  nucleic  acid  biosynthesis  either  have 
unusual  substrate  ^%cificities  or  unusual  suboellular  localizations;  (3) 
a  large  proportion  of  the  v4uch  is  produced  is  incorporated  into  a 
unique  organelle  known  as  the  kinetoplast;  and  (4)  the  KCV  polymerase 
isolated  from  these  organisms  denonstrates  major  differences  from  its 
mammalian  counterpart. 

Detailed  knowledge  of  the  IM^A  polymerase (s)  of  parasitic  protozoa  will 
provide  information  for  the  further  design  of  more  effective  drugs  and 
provide  insight  into  drug  resistance.  To  date  there  is  no  safe, 
effective,  and  quality-controlled  antiparasitic  vaccine.  Membrane 
antigens  differ  from  one  species  to  another  and  during  the  course  of 
infection,  making  the  production  of  a  useful  vaccine  very  difficult. 

Until  an  effective  vaccine  is  produced,  treatment  of  leishmaniasis  will 
have  to  be  through  chemotherapy. 

Not  only  will  information  gained  from  such  studies  be  useful  in 
chemotherapeutic  exploitation  of  parasitic  protozoan  enzymes,  vMch  differ 
from  host  cells,  but  may  help  elucidate  the  control  mechanisms  necessary 
for  normal  CNA  synthesis  in  higher  and  lower  eukaryotic  animal  cells  and 
help  us  recognize  abnormal  characteristics. 

Also,  the  effect  of  natural  products  on  the  DNA  polymerases  will  be 
studied  for  the  purpose  of  e;^oring  regulation  of  the  DNA  polymerases  and 
for  t±e  purpose  of  studying  hw  prokaryotes  and  lower  and  higher 
eulMryotes  developed  evolutionally  to  oospete  in  their  enviroriments 
against  eadi  other.  These  studies  will  help  elucidate  major  differ&ices 
between  parasite  md  host  that  uncover  chenotherjqpeutic  targets. 
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Partial  Piirifirafeion  of  PWft  Pnlvnerase  from  T..  meviriana 

A.  nie  major  I»]A  polymerase  (s)  of  L«  mexicana  were  purified 
4,000-7,000-fold  (Tables  13  and  14). 

B.  The  polymerase  (s)  were  characterized  with  the  use  of  inhibitors,  salt, 
pH,  heat,  metal  requirements,  and  specific  inhibitors.  One  enzyme  was 
found  to  resemble  mammalian  DNA  polymerase  <4. but  had  many  differences. 
Response  to  inhibitors  is  shown  in  Table  15 . 

C.  Aphidioolin.  a  known  ON)i  polymerase  a,  did  not  inhibit  the  purified 
enzyme,  but  inhibited  polymerase  activity  in  the  crude  state  and  in 
protozoan  cells  io  vivo)  (Figure  1). 

Sinef ungin,  a  promising  antiparasitic  agent,  inhibited  the  polymerase 
during  the  early  steps  of  purificaticxi,  but  not  in  the  latter  steps. 
Sinefungin  had  a  ki  15  nM,  and  inhibitic^  was  completely  reversed  by 
dATP  (Figures  2  and  3).  Both  aphidicolin  and  sinefungin  are  potent 
inhibitors  of  leishmanial  growth  (Figure  4).  S-adenosylmethionine 
(SAM)  and  S-adenosylhcmnocysteine  (SAH)  closely  related  conpounds  to 
sinefungin  (Figure  5)  had  no  effect  on  the  MIA  polymerase. 

D.  Using  the  method  of  Holmes  et  al.  (49) ,  DMA  polymerase  6  was  separated 
fr(xn  and  partially  purified,  utilizing  chromatography  an  DEAE  23, 

Pll  phosphocallulose,  and  Sephacryl  S-300  (Table  16,  Figure  6). 

E.  Arachidcxiic  acid,  a  precursor  to  the  prostaglandins  and  modulator  of 
the  immune  response  (35,57,74,77,78,82)  was  found  to  be  both  a  potent 
growth  inhibitor  of  promastigotes  (50%  Inhibition  =  0.5  uM)  and  a 
potent  DMA  polymerase  inhibitor  (50%  Inlubition  =  16  uM)  (Figure  7) 
Severed  recent  publications  (35,57,74,77,78,82)  have  dononstrated  that 
eurachidonic  acid  metabolism  is  edtered  in  infected  macrophages  and 
that  because  of  this  alteration  the  normal  immune  response  is 
siqjpressed.  Inhibitors  blocking  arachidonic  acid  metabolism  during 
infection  help  restore  immune  function  (79).  Perhaps  release  of 
arachidonic  acid  by  the  cK±icai  of  phospholipase  A  during  infection  is 
an  attenpt  by  the  host  to  kill  its  invader.  If  the  invader  then 
metabolizes  the  released  arachidonic  acid  to  prostaglandins  by  its  own 
eizymes  and  suppresses  the  immune  response,  it  has  successfully  evaded 
its  host. 

F.  It  was  demonstrated  that  purified  Clostridium  perfringens  Type  A 
enterotoxin  (cme  of  the  major  ceuises  of  food  poisoning  in  humans)  was 
extremely  inhibitory  to  leishnanial  DMA  polymerase  a  -like  and  to  MIA 
polymerase  from  Chinese  hamster  ovary  cells  (C3)0)  (Figure  8) .  These 
studies  were  performed  in  collaboration  with  Dr.  Rc»\ald  Labbe,  an 
expert  on  £.  perfringgns  enterotoxin  (Uhiversity  of  Massachusetts, 
Amherst),  and  Dr.  Nasseema  Khan,  an  expert  on  DMA  polymerase  a  frcmn 
(3K)  cells.  Our  laboratory  is  the  first  to  demonstrate  the  inhibitory 
rcQxxise  of  a  microbial  enterotoxin  an  lower  and  higher  eukarotic  DMA 
polymereoes.  The  toxin  was  isolated  by  the  method  of  Granum  et  al. 
(40). 
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Table  15 


ENA  Polymerase  a -like  Inhibition 


Onig 

Minimum 

Oonoentration 

(Inhibition) 

Maximum 

Concentration  Tested 

Minimum 
Concentraticai 
Giving  100% 
Inhibitioi 

Novobiocin 

0.5  uM 

(5.7%) 

5.0 

yM 

(83%) 

10.0  yM 

Bthidium  Bromide 

0.5  yM 

(31.4%) 

1.5 

yM 

(38.18%) 

2.5  yM 

Nalidixic  Acid 

0.5  uM 

(5.8%) 

2.25 

yM 

(37.13%) 

5.0  yM 

Riosjciion^in 

5.0  yM 

(7.1%)  . 

50.0 

yM 

(65.90%) 

Phosphonoacetic  Acid 

5.0  yM 

(8.5%) 

38.0 

yM 

(35.56%) 

- 

Mitomycin  C 

0.4  yM 

(31.64%) 

0.5 

yM 

(84.80%) 

1.0  yM 

N-Ethylnalemide 

- 

5.0 

IiW 

(84.79%) 

10.0  nM** 

Coumermycin  A 

5.0  yM 

(2.80%) 

25.0 

yM 

(2%) 

- 

Aphidicolin 

5.0  yM 

(1.42%) 

26.6 

yM 

(78.60%) 

- 

Berenil 

0.5  yM 

(18%) 

2.0 

yM 

(58.0%) 

3.5  yM 

Cytosine-B^>- 

Arabinofuraix7side 

100.0  yM 

(24.36%) 

200.0 

yM 

(34.94%) 

- 

Cytosine-5- 
carbco^lic  Acid 

100.0  yM 

(41.94%) 

200.0 

yM 

(50.76%) 

- 

2 ' / 3 ' -Dideoxyadeno- 
sine-5 ' -triphosphate 

100.0  yM 

(12.04%) 

- 

Dideoa^thymidine- 

triphosphate 

100.0  yM 

(43%) 

Dldeoa^cytidine- 

triphosphate 

100.0  yM 

(71%) 

*Syni»l  for  has  not  bem  determined 

**97% 


Dixon  Plot  of  Increasing  Concentrations  of  Sine 
the  Presence  of  dATP. 
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Table  16 


LEISHMANIA  MEXILANA 
25.6  g  CELLS 


•<-LIICE  DNA  POLYMERASE 
3.75  Hi  POOLED  FRACTIONS 


6-like  dna  polymerase 

2.5  ml  POOLED  FRACTIONS 


figure  6.  SEPARATION  OF  DNA  POLYMERASE  ALPHA 
AND  BETA  ON  SEPHACRYL  S300 


alpha  activity 
beta  activity 


0.3  0.4  0.5  0.6  0.; 

ENTEROTOXIN  (ug) 
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